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The present invention comprises new com 
positions which are suitable for various uses and 
in particular, for insulating and dielectric pur 
poses in electric devices, and comprise hallagen 
ated diphenylene products. They are suitable 
for Se either alone or in admixture with other 
materials, as will be later described. 

Heretofore, compositions comprising chlorin 
ated diphenyl and compositions comprising chlo 
rinated diphenyl oxide have been found to be 
Suitable for insulating and dielectric purposes. 
The lower chlorinated diphenyl products, such 
as those Up to and including even chlorination 
products as high as the hexachlor product, are 
liquids when obtained as isomeric mixtures. The 
higher chlorinated products are solids even when 
the product consists of an isomeric mixture. 
The introduction of an oxygen atom (which dis 
tinguishes diphenyl oxide from diphenyl) has 
been found to increase the liquidity of the prod 
uct. For example, the pentachlor diphenyl ox 
ide obtained as a mixture of its isomers is even 
of lower Viscosity and of lower pour point than 
he corresponding mixture consisting of the 

... isomers of penta, chlor diphenyl. 

inelting points. 

40 

In the case of the chlorinated diphenyl and 
?hlorinated diphenyl oxide products, the Solid con 
Ositions which have a higher chlorine content than 
the heptachior derivative are of relatively low 

It is only when the chlorination 
is carried to the extreme or when the chlor prod 
luct is obtained as an individual isomer that 
Solids of melting points higher than 100° C. are 
obtained. Under Such conditions the product is 
distinctly crystalline and not well adapted for 
electrical use since it is most important to avoid 
in electrical insulation the presence of inter 
crystalline voids in which ionization promotes 
electrical breakdown. These high chlorine con 
tent, Solid products also have a low dielectric Con 
stant which further renders then unsuitable for 
some electrical purposes. 
I have found that the introduction of the oxy 

gen atom uniting carbons in the Ortho position, 
with respect to the carbons which are tied di 
rectly to one another, unexpectedly produces a 
marked effect in the isomeric chlorinated imiX 
tures obtained by direct chlorination of the par 
ent, molecule. This nholecular arrangement re 
suits in diphenylene oxide in which occur both 
the direct carbon bond and the carbon-to-carbon 
bond through an intermediate oxygen aton. 

In the case of the direct chlorination of 
diphenylene oxide instead of obtaining liquid 
isomeric mixtures, Solid products are always ob 

(C. 106-17) 
tained, Some of which are of wax-like consist 
ency. Furthermore, these solid products can 
be obtained with melting points as high as 120 
to 125 C., and in a condition free from crys 
tallinity. The wax-like products obtained are 
Well-Suited for electrical impregnating purposes 
as well as for other applications for which a high 
melting material is desired. The waxy products 
obtained appear to possess many of the proper 
ties of Solid Solutions and unlike Solid products 
in general have unexpectedly high dielectric con 
stants as will hereinafter more fully be explained. 

In accordance with my present invention I 
have provided new and useful compositions Com 
prising mixtures including chlorinated diphenyl 
(in Sonne cases also trichlorbenzene), and as an 
essential ingredient, diphenylene oxide contain 
ing combined chlorine, the amount of combined 
chlorine Varying With the conditions of the chlo 
rination over a relatively wide range of per 
centages. 

In accordance with my processes of direct chlo 
rination of diphenylene oxide, I pass chlorine 
into the melted diphenylene oxide at a tempera 
ture Within the range of 125 to 180° C. in the 
presence of a catalyst. As a catalyst, either 
iron or antimony or iron chloride or antimony 
chloride may be used. Antimony is preferred 
for the preparation of the higher chlorinated 
isomeric diphenylene oxide mixtures as, for ex 
ample, for the preparation of the pentachlor or 
higher chlorination products. 
The time and temperature to be employed 

for chlorination will vary for different desired 
end products and for different conditions. For 
example, under a given. Set of conditions for the 
preparation of monochlor diphenylene oxide, 
chlorination at a temperature of about 125 to 
150° C. continued for about four hours suf 
ficed. For the preparation of the dichlor prod 
uct chlorination at a temperature of 125 to 
180° C. Should be continued for about ten hours. 
To produce the trichlor product requires eight 
een hours chlorination at about 125 to 180° C. 
and to produce the tetrachlor requires about 
twenty-five to thirty hours chlorination at 125 
to 80° C. The products obtained under these 
conditions are mixtures of different isoners and 
unless especially purified are aSSociated with 
Some lower and Sonne higher chlorination prod 
ucts. Diphenylene oxide products containing 
more than two atoms of chlorine per mol for 
many purposes are preferred. 
Upon completion of the desired chlorination 

reaction the product is freed from the catalyst 
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and other undesired associated products by be 
ing washed with a dilute aqueous solution of 
an alkali and then is fractionally distilled, pref 
erably under reduced pressure. The chlorina 
tion reaction proceeds with the greatest facility 
and efficiency to produce monochlor, dichlor, 
trichlor and tetrachlor diphenylene oxide prod 
ucts. Higher chlorination products may be pro 
duced by continuing the chlorination for a suf 
ficiently long period. 
The following table gives the properties of 

the mono-, di-, tri-, and tetrachlor products, 
these terms being used in the Sense indicated 
above. By suitable and repeated purification 
treatment, chlorinated diphenylene products 
may be obtained which are substantially free 
from chlorination products other than the par 
ticular one indicated. For example, an isomeric 
mixture of trichlor diphenylene oxide may be 
obtained which contains very little dichlor, tetra 
chlor, and other products, and which has more 
restricted melting and boiling temperatures 
than the ranges indicated in this table: 

Monochlor Dichlor Trichlor Tetrachlor 

Boiling range (25 
mm.).----- o C 190-210 220-240 235-250 245-270 

Melting point 
do---- 60-65 80-85 95-05 80-90 

Specific gravity 
125/15.5°------ 1.20 1.27 1.3 1.37 

Condition.------- Solid Waxy solid Waxy solid Solid 
Color------------ White White White White 
25° C. dielectric 
constant (solid) 4. 5 4.5 6.0 

100°C, dielectric 
c on Stant 
(liquid).-------- 3.7 3.9 4, 6 5.0 

The high dielectric constant of Solid chlorin 
ated diphenylene oxide products in the solid 
state renders such products of especial utility 
for use as insulating and dielectric materials in 
electric devices in Which high capacitance is de 
sired, for example, in capacitors (condensers), 
capacitance bushings and cables. Solid dielectric 
materials are Superior to liquid materials for 
Some classes of Service. For example, for use in 
the radio and Small motor field electric capaci 
tors containing Solid dielectric materials are 
preferred. 
The physical properties and chemical stability 

of isoneric mixtures of chlorinated diphenylene 
oxides render such compounds particularly 
adapted for capacitor dielectric purposes for 
fields in which a solid material is desired, as de 
scribed in U. S. Patent No. 2,170,782, patented 
August 22, 1939. 

For impregnating cable joints, I prefer to use 
the isomeric mixture of the monochlor diphenyl 
ene oxide which has a melting point of about 
60 to 65° C. 

For impregnating transformers, the tetrachlor 
compound which has the highest melting point 
is most satisfactory. 

For filling electric bushings many of the chlo 
rinated products ranging from the mono- to the 
tetrachlor may be used. 

For some electrical applications, especially for 
the impregnation of transformers, complete non 
inflammability of the compound is desired, espe 
cially for indoor installations. For Such purposes 
the tetrachlor and penta, chlor derivatives are the 
best Suited. These products will not burn and 
evolve only substantially non-inflammable gases 
When deComposed by an electric arc. 
My new materials are Suitable for use in con 

bination with other products such as mineral 

2,198,473 
oil, waxes, tars, asphalts, pitches, and other di 
electric liquids or Solids. Thus, unexpectedly, 
the freezing point of liquid pentachlor diphenyl 
may be depressed through the addition of solid 
tetrachlor diphenylene oxide, Pentachlor di 
phenyl has an A. S. T. M. pour point of about 
i0 C. and Solidifies at about 0° C. The addi 
tion of from 10 to 20 per cent of the tetrachlor 
diphenylene oxide depresses the pour point to 
about 0 and reduces the Solidification point Such 
that even at -17 C. the mixture is plastic, with 
Corresponding decrease in the temperature at 
Which the marked drop in dielectric constant 
OCCU.S. 
As indicated in the table of properties, the di 

electric constant of the various chlorinated iso 
meric mixtures of diphenylene oxide shows no 
material decrease in capacity on solidification. 
The data as given indicates the high dielectric 
constant of the material at room temperature 
in the Solid state as compared to the lower di 
electric constant at 100° C. in the liquid state. 
The Various chlorinated isomeric mixtures of di 
phenylene oxide also possess an unexpected and 
highly favorable dielectric constant character 
istic in the treated dielectric. When the isomeric 
mixture consisting of the various penta chlor di 
phenyls or pentachlor diphenyl oxides are used 
to impregnate cellulosic insulation, a capacitor 
containing Such material shows a drop in ca 
pacity in passing from 25 to 75° C. The normal 
drop expected is such that the capacity at 75° C. 
is from 4 per cent to 5 per cent lower than the 
25 C. capacity. This is a disadvantage for in 
many capacitor applications, stability of electri 
cal capacity with normal temperature changes is 
highly desired. When the same dielectric cellu 
losic material is impregnated with the isomeric 
mixtures of the chlorinated diphenylene oxide, 
the capacity unexpectedly increases with an in 
crease in temperature. As an example of this 
Surprising capacity characteristic, capacitors im 
pregnated with the isomeric mixture of the tri 
chlor diphenylene oxide may be considered. 
Kraft paper capacitors impregnated With this 
material showed a capacity at 25° C., 220 volts 
per mill, of 1.785 microfarads. At 75° C., the 
capacity WaS 1.980 microfarads, an increase of 
approximately 11 per cent. The following table 
gives the average per cent increase in microfarad 
Capacity for the Various chlorinated isomeric 
mixtures in combination with kraft capacitor 
paper: 

Percent increase in 
Chlorinated isomeric mixture used as microfarad capac ity in passing the impregnant from 25 C. to 

750 C. 

Monochlor- 15 
Dichlor---------------------------------------- 6 
Trichor 5 
Tetrachlor------------------------------------- 10, 5 

Heretofore, it has been accepted that in order 
to obtain a constant electrical capacity for the 
treated paper dielectric, it is necessary to use an 
impregnant of low dielectric constant. The most 
common impregnant and the one best adapted 
to give a constant dielectric capacity With chang 
ing temperature has been assumed to be mineral 
oil. The unexpected behavior of the Solid iso 
meric chlorinated mixtures of diphenylene Oxide 
makes available a high dielectric constant mix 
ture of constant capacity characteristics in 
treated paper condensers. For example, it has 
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already been Stated that the isomeric mixture 
of pentachlor diphenyl or pentachlor diphenyl 
Oxide behaves as expected in that the treated 
condensers decrease in electrical capacity with 
increasing temperature. By properly blending 
the chlorinated diphenylene oxide as herein de 
Scribed with such compounds as pentachior di 
phenyl or pentachlor diphenyl oxide mixtures, it 
is possible to obtain an impregnant which when 
used to treat condenser paper, gives a capacitor 
of constant electrical capacity with temperature 
change in the normal range met in practice (25 
to 75° C.). For example, although a capacitor 
impregnated With a pentachlor diphenyl liquid 
mixture shows a decrease of 4 per cent in electri 
cal capacity in passing from 25 to 75° C., when 
this same penta chlor diphenyl is blended with the 
trichlor diphenylene oxide mixture herein de 
scribed in the ratio of 85 parts of the pentachlor 
diphenyl to 15 parts of the trichlor diphenylene 
oxide, the capacity change, in passing from 25 to 
75 C., is reduced to approximately 2.9 per cent 
decrease. A substantially constant electrical ca 
pacity of the treated unit may be obtained by 
Suitably combining a halogenated diphenylene 
oxide With another dielectric material. 
The following compositions introduced as im 

pregnants in capacitors containing paper or other 
cellulosic insulation result in Substantial con 
stancy of capacity over a range of temperatures 
from 25 to 75° C.: mixtures of 20-25 per cent 
monochlor diphenylene oxide and 80-75 per cent 
penta-chlor diphenyl; mixtures of 30-40 per cent 
of dichlor diphenylene oxide and 70-60 per cent 
penta, chlor diphenyl; mixtures of 30-45 per cent 
trichlor diphenylene oxide and 70-55 per cent 
penta-chlor diphenyl and mixtures of 25-30 per 
cent of tetrachlor diphenylene oxide and 75-70 
per cent of penta chlor diphenyl. All of these 
mixtures are by Weight. 

in order to retain the non-inflammability of 
the final mixture, it is preferred to use the trichlor. 
diphenylene oxide product or a product having a 
higher degree of chlorination. 
In Some cases chlorinated diphenylene oxide 

can to advantage be associated with both chlo 
rinated diphenyl and trichlorbenzene, thereby 
producing a composition of especially low con 
gealing temperature. For example, a mixture 
consisting by Weight of 50 parts pentachlor di 

3. 
phenyi, 40 parts trichlorbenzene, and 10 parts tri 
chlor diphenylene oxide, will remain liquid indefi 
Initely at temperatures as low as -17 C. By 
contrast, a mixture consisting of equal parts of 
chlorinated diphenyl and trichlorbenzene when 
subjected to a temperature of -17 C. Solidifies 
after one or two days’ exposure to this tempera 
ture. 
What I claim as new and desire to Secure by 

Lettel's Patent of the United States, is: 
i. A composition of matter comprising substan 

tial proportions respectively of chlorinated di 
phenyl and chlorinated diphenylene oxide, con 
taining one to four atoms of chlorine per mol, and 
i)eing characterized by imparting Substantially 
constant electrical capacity When impregnating 
paper dielectric in a capacitor. 

2. A composition of matter comprising sub 
stantial proportions respectively of chlorinated 
diphenyl, chlorinated diphenylene oxide and tri 
chlorbenzene, Said composition being character 
ized by remaining liquid at temperatures at which 
similar compositions in which Said diphenylene 
compound is absent become Solidified. 

3. A composition of matter comprising by 
Weight a mixture of isomers of about 50 parts 
pentachlor diphenyl, 40 parts trichlorbenzene, 
and 10 parts trichlor diphenylene oxide, said 
mixture remaining liquid indefinitely at -17 C. 

4. A composition of matter comprising about 
20 to 40 per cent by weight of chlorinated di 
phenylene oxide and about 80 to 60 per cent of 
chlorinated diphenyl. 

5. A composition of matter comprising a sub 
Stantial proportion of a diphenylene oxide con 
taining three to four atoms of chlorine per mol 
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and a Substantial proportion of pentachlor di 
phenyl, Said composition imparting substantially 
Constant electrical capacity to a paper-insulated 
capacitor in a range of 25 to 75° C. 

6. A range of compositions of matter consist 
ing by weight of about 30 to 45 parts of trichlor 
diphenylene oxide and 70 to 55 parts of penta 
chlor diphenyl, said compositions when intro 
duced as impregnants in capacitors containing 
cellulosic insulation resulting in substantial con 
stancy of capacity over a temperature range of 
25 to 75° C. 

FRANK M. CLARK, so 
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It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page l, first 
column, line 4-5, for "hallagenated" read --halogenated.-- ; page 2, first 
column, line 33, in the table, for "1.5" read -- 5.5--; and that the said 
Letters Patent should be read with this correction therein that the same 
may conform. to the record of the case in the Patent Office. 

Signed and sealed this l8th day of June, A. D. l9).O. 

Henry Van Arsdale, 
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